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STARTER FOR ENGINE 



Background of Invention 



[0001] 



[0002] 



[0003] 



[0004] 



This invention relates to a starter motor for an engine for a vehicle such as a 
motorcycle or the like and to a method for starting such engines and reducing starter 
noise at the time of the starting operation. 

In an engine for a vehicle such as a motorcycle, a starter motor is used at the time 
of engine starting to rotate an engine shaft under battery power. The starter motor is 
generally a DC motor driven through a relay by operation of a manual switch such as 
main switch or a starter switch of the vehicle. In this case, the switch is first turned ON 
to rotate the starter motor, for cranking. When the engine is started after the starter 
motor load drops to zero, resulting in a maximum rotational speed. At this moment, 
the switch is turned OFF to stop the power supply to the starter motor. As a result, the 
starter motor output shaft is disconnected from the engine shaft by a one way clutch 
type of device and it rotates idly by its inertia and stops after gradually reducing its 
rotational speed. 

At the time of the engine starting described above, during the time while the 
starter motor is stopping its rotation after the power supply to the starter motor is 
OFF it generates an abnormal and unpleasant noise. The cause of this phenomenon 
may be understood by reference to FIG. 1 . In this figure the horizontal axis represents 
time and the vertical axis represents both starter motor rotational speed and noise 
level. 

The power source of the starter motor is turned ON at a time tO and begins to 
rotate for cranking. When the engine is started, the starter motor load drops to zero 
and the rotational speed increases to a maximum. At a time tl when this state is 
reached, the starter switch is turned OFF by hand. 
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As a result, the starter motor rotates idly as a result of its inertia, decreasing its 
rotational speed gradually and stopping eventually at a time t2. Between the times tl 
and t2, an abnormally high noise is generated. The noise at this point is an abnormal 
and unpleasant one and unusually is louder than the engine noise or even that of the 
starter motor during the actual starting operation. 

This abnormal noise is caused by the starter motor yoke of its stator resonating 
when the natural frequency of the yoke coincides with the number of times of cogging 
reaction at a specific motor speed. This resonance frequency corresponds to a 
frequency determined by the least common multiple of the number of slots of an 
armature and the number of magnetic poles of magnets, or the cogging 
number/rotation, and the cogging reaction produced at a specific motor speed. In an 
actual measurement shown in FIG. 1 , the cogging number is the least common 
multiple of 28 for a motor with fourteen slots and four-pole magnets. An abnormal 
noise is generated at the time of the rotational speed of 5 1 00 rpm. In this case, the 
resonance frequency is expressed as follows: 

(28xS100/60)x2=4760 Hz. 

More specifically, an armature connected to the output shaft of the starter motor 
is formed of a plurality of radially disposed cores. Electrical coils are wound on these 
cores and face a plurality of magnets on the inside surface of the starter motor yoke. 
The armature is rotated through successive attractions of magnetic forces of the 
magnets. 

When the cores of the armature pass across the magnets and its polarities are 
changed, the armature changes its rotational torque, generating cogging with a 
perturbed movement. Therefore, the larger the magnetic forces are, the greater 
cogging is generated, resulting in an abnormal noise due to the reaction. 

Normally the material of the permanent magnets is a ferrite-based magnetic 
material. However, neodymium-based magnets made from a magnetic material 
containing Nd of a rare metal element or its compound known as high-energy 
magnets are preferred because they permit a higher output starter motor for a given 
size. If such neodymium-based magnets are used, since the magnetic forces are 
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great, the problem of an abnormal noise due to the cogging reaction is amplified. 

[001 1] In the co-pending application of Yoshikazu, Kurita entitled "Starter Arrangement 
And Method For An Engine", Serial No: 10/063641, filed May 7, 2002 and assigned to 
the Assignee hereof, there is disclosed a method and apparatus for avoiding this noise 
by applying a brake to the rotation of the starter motor shaft once the starter motor 
has shifted off. This is done by utilizing the continued rotation of the starter motor to 
be dissipated by operating it as a generator to add a charge to the vehicle battery. 
Although this is a very effective way of solving the problem, it does complicate the 
electrical circuitry and can add to the costs. 

[0012] It is therefore a principle object of this invention to provide an improved starter 
motor arrangement for starting an internal combustion engine that reduces noise 
during the starting operation. 

[001 3] It is a further object to this invention to provide an improved starter motor 

arrangement for an internal combustion engine that reduces noise during the starting 
operation by reducing the cogging torque on the motor for causing more rapid 
deceleration of the motor when the starter motor is switched off and to avoid the 
vibrations caused thereby. 

[0014] In connection with the attempts to reduce engine noise in the starter motor after 
the engine has started by reducing the cogging torque, it has been discovered that 
some of these methods might be possibly used in conjunction with electric motors 
and electric generators that are utilized for purposes other than engine starting. It is, 
therefore, a further object to this invention to provide an improved cogging torque 
reducing mechanism that can be utilized with rotating electrical machines in addition 
to those used as starter motors for internal combustion engines. 

Summary of Invention 

[001 5] A ^ rst feature of thjs j nV ention is adapted to be embodied in a starter for an 

internal combustion engine. The starter comprises a DC electrical motor having an 
output shaft in starting arrangement with a shaft of the engine for starting the engine. 
The starter motor is comprised of cooperating, relatively rotatable permanent magnet 
and coil winding elements comprised of spaced permanent magnets of opposite 
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polarity and magnetic pole cores around which electrical coils are wound. Vibrations 
are reduced after engine starting has been effective by at least one of reducing the 
cogging torque of the starter motor and rigidifying the outer housing of the starter 
motor. 

[0016] Another feature of this invention is adapted to be embodied in a rotating electrical 
machine comprised of relatively rotatable permanent magnet and coil winding 
elements. The permanent magnet element and specifically the permanent magnets 
thereof comprise a plurality of circumferentially spaced permanent magnets of 
opposite polarity. In accordance with one feature thereof, the permanent magnets 
have adjacent convex and concave surfaces that define an arcuate gap there between 
with the concave surfaces overlapping the convex surfaces in the circumferential 
direction. In accordance with another feature thereof, the magnets comprise axially 
spaced permanent magnet sections of the same polarity that are staggered with 
respect to each other in the circumferential direction. 

Brief Description of Drawings 

[001 7] FIG. 1 is a graphical view showing the noise and speed of a prior art type of starter 
motor during engine starting operation. 

[001 8] FIG. 2 is a cross sectional view of a starter motor constructed and operated in 
accordance with the invention. 

[001 9] FIG. 3 is a cross sectional view taken along the line 3-3 in FIG. 2. 

[0020] FIG. 4 is a cross sectional view taken along the line 4-4 in FIG. 2. 

[0021] FIG. 5 is a developed view showing the core teeth in accordance with a first 
embodiment of the invention. 

[0022] FIG. 6 is a developed view of the permanent magnets in accordance with another 
embodiment of the invention. 

[0023] FIG. 7 is a developed view, in part similar to FIG. 6 and shows permanent magnets 
in accordance with another embodiment of the invention. 

[0024] pj C g js a d eve | 0 p ec | v j eW| j n part similar to FIGS. 6 and 7 of the permanent 
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magnets in accordance with yet another embodiment of the invention. 

[0025] FIG. 9 is a developed view, in part similar to FIGS. 6-8 of the permanent magnets 
of yet a further embodiment of the invention. 

[0026] FIG. 1 0 is a developed view, in part similar to FIGS. 6-9 of the permanent magnets 
of yet another embodiment of the invention. 

[0027] FIG. 1 1 is a side elevational view of a starter motor as attached to the engine body 
in accordance with a prior art type of construction. 

[0028] FIG. 1 2 is a side elevational view, in part similar to FIG. 1 1 , and shows how the 
vibrations are reduced by reinforcing the starter motor housing in accordance with 
this embodiment of the invention. 

Detailed Description 

[0029] Referring now in detail to the drawings and initially primarily to FIGS. 2-4, a 

starter motor for an internal combustion engine (not shown) is indicated generally by 
the reference numeral 1 1 . The starter motor 1 1 is comprised of a stator 1 2 formed of 
a cylindrical yoke 13 and four permanent magnets 14, of arc-shaped cross section, 
bonded on the inside surface of the yoke. The permanent magnets 14 are preferably 
formed from a neodymium (Nd)-based magnetic material that is magnetized after 
being bonded to the yoke 1 3. 

[0030] An armature or rotor, indicated generally at 1 5 rotatably mounted inside the 

stator 1 2 in a manner to be described shortly. The armature 1 5 is comprised of a core 
1 6 facing the magnets 1 4 and fixed to a starter motor output shaft 1 7. A commutator 
1 8 is fixed adjacent to the core 1 6 on one end of the starter motor output shaft 1 7. 

[0031] The cQre a$ shown jn p jCS 2 and 3, is formed of a plurality of radially 

disposed core teeth 1 9. In the illustrated embodiment there are 1 4 core teeth 1 9. 
Electrical coils (not shown) are wound around the core pieces 1 9. The commutator 18 
is formed of a plurality of contact pieces 21 corresponding in number to the core 
pieces 1 9 and that are electrically connected to the coil ends, as is well known in the 
art. Two sets of two brushes22 and 23 (FIG. 4) held by respective brush holders 24 
and 25 are juxtaposed to the commutator 1 8 at its outside circumference. The 
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[0033] 



[0034] 



[0035] 



brushes 22 and 23 are pressed against the contact pieces 21 of the commutator 1 8 by 
coil springs 26. 

Fitted to the opposite ends sides of the cylindrical yoke 13 are a front cover 27 
(FIG. 2) covering the left side of the yoke 13 as seen in the figure and a rear cover 28 
covering the right side of the yoke, on the figure, collectively forming, with the yoke 
1 3, a motor case indicated generally by the reference numeral 29. The starter motor 
output shaft 1 7 is journalled for rotation on the front cover 27 and the rear cover 28 , 
respectively by bearings 31 . 

On the rear cover 28 (FIGS. 2 and 4) is provided a positive terminal 32 for power 
supply from the positive electrode of a battery (described later by reference to FIG. 5 
mounted on the vehicle. The positive terminal 32 is suitably connected to the brushes 
22 on the positive electrode side. The brushes 23 on the negative electrode side 
(ground side) are connected to the end closure 28 by grounding fasteners 33. The 
motor case 29 is grounded to the associated engine by a mounting bracket 34 that 
fixes the starter motor 1 1 to the engine thus acting as a negative terminal. 

On the front cover 27 is mounted an oil seal 3 5 (FIG. 2) for preventing ingress of 
oil into the motor case 29 from the associated engine, and an O-ring 36 for sealing 
the mounting portion to the engine. On the starter motor output shaft 1 7 at the 
engine side end is provided a pinion gear 37 meshing with an flywheel gear (not 
shown) to rotate the engine shaft for starting. Some form of one way device such as a 
one way clutch is provided in this connection to permit the engine shaft from driving 
the starter motor once the engine has started to run under its own power, as is well 
known in this art. 

Inside the rear cover 28 covering the commutator 1 8 at the end of the starter 
motor output shaft 1 7 is fixed a disk-like brush carrier38. The brush holders 24 and 
25 are affixed to the brush carrier38 at four positions spaced radially at right angles 
to hold the opposing two positive electrode brushes 22 and opposing two negative 
electrode (grounding) brushes 23. As has been noted, the brushes 22, 23 are biased 
radially inwardly toward the commutator 1 8 by the coil springs 26. The positive 
electrode brushes 22 are connected to the positive terminal 32, and the negative 
electrode brushes 23 to the negative (grounding) terminal 34. 
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Referring now to FIG. 4, this shows a first embodiment for reducing unusual noise 
measures in accordance with the present invention. This embodiment is one of several 
that will be described and reduces the noise by reducing the cogging torque, 
particularly when the electrical power to the windings is discontinued on starting of 
the related engine. 

This figure is a developed view of the radial core 16. In this embodiment each pole 
tooth 19 of the core 16 is formed on the skew relative to the rotational axis C of the 
rotor shaft 17. Such a skew arrangement is easily formed by laminating radial shaped 
thin iron sheets 39 constituting the core 1 6 and by slightly displacing the each of 
them to the rotating direction in the lamination. Thereby, the pole surfaces 41 which 
face the permanent magnets 14 are formed on the skew resulting in a parallelogram 
shape. Thus the slot entries 42 formed between the teeth 1 9are skewed to the shaft 
axis C. 

With such a constitution, pull-in force of the magnets 14 gradually acts along the 
skewed side edge of the pole tooth 1 9, so that cogging action is dispersed and 
generated gradually. As a result, the cogging is reduced, and the generation of 
unusual noise is reduced. 

FIG. 5 shows another embodiment for reducing unusual noise by reducing the 
cogging torque in accordance with the present invention. The drawing shows a 
developed view of the magnets 14 of the stator 12. This embodiment is adapted to 
skew the magnetizing direction of each magnet 14. Each of the four magnets 14 is 
disposed in the circumferential direction at a radial spacing of 90 degrees. The 
dividing line 43between the magnets 14 is parallel to the shaft axis C. Each magnet 14 
is skewed and magnetized in the same direction as shown with broken lines. In this 
embodiment, the pole surface 41 on the core side is, as shown in FIG. 1, parallel to 
the shaft center C without skewing. 

Thus, by skewing the magnetizing direction of the magnet 14, the pull-in force of 
the magnets 14 acts on the core with gradually displacing to the axial direction, so 
that the cogging action is reduced, and the generation of the unusual noise due to the 
cogging can be reduced. In this embodiment, it is not necessary to skew the core 
teeth 1 9, so that the assembling work of the core or a coil winding work will not 
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[0041] 



FIG. 7 shows still another embodiment for unusual noise measures relating to the 



present invention by reducing the cogging force. In this embodiment the four pieces 
of the magnets, here indicated at 44, are of a parallelogram shape. The magnetizing 
direction is parallel to the shaft axis C as shown by the broken lines . The dividing line 
45between the side edges of the magnets 44 is a skewed straight line to the shaft axis 
C. 

[0042] Thus, by skewing the shape of the magnets 44 to be parallelograms, the pull-in 
force of the magnet on the core gradually acts with displacing to the axial direction, 
so that the cogging action is dispersed, and the generation of the unusual noise due 
to the cogging can be reduced. 

[0043] FIG. 8 shows yet another embodiment for unusual noise measures relating to the 

present invention by reducing the cogging force. This embodiment is adapted to curve 
and form the side edge of the magnets, indicated here as 51 to be arc-shaped. 
Alternate magnets 51 have convex sides 52 and concave sides 53 to form arcuate 
slots 54 of uniform thickness between them. Thus, by curving and forming the side 
edge 52 and 53 of the magnets 5 1 , the pull-in force of the magnet on the core 
gradually acts with displacing to the axial direction, so that the cogging action is 
dispersed, and the generation of the unusual noise due to the cogging can be 
reduced. 

[0044] If the magnet shape is skewed or curved, the cogging action gradually acts with 
displacing to the axial direction as described above, and thrust force generates along 
with the displacement in the axial direction. In this case, the present embodiment has 
a symmetric shape where the dividing line 54 at a magnet boundary part is folded 
about the center of the axial direction, so that thrust force is canceled out each other 
on the both sides of the center in the axial direction, and smooth rotational movement 
can be obtained. 



FIGS.9and 1 0 show two other embodiment for unusual noise measures relating to 
the present invention by reducing the cogging force . In these embodiment this is 
done by divide the four circumferentially spaced magnets in an axial direction and 



[0045] 



APP ID=10065541 



Page 8 of 22 



till if**?! *TtS Tf 1! ttK ^'"•j iTT> ^ 

i! « 1} « « W£} «'"Ji 3:. ««if» « ... ji n a •«»}« «j5 

• • 

shift these segments relative to each other in a circumferential direction. The shifted 
segments overlap circumferentially. This provides an effect similar to the embodiment 
of FIG. 7. 

[0046] In the embodiment of FIG. 9 each magnet pole, indicated here at 61 is divided into 
two axially and circumferentially spaced segments 62 and 63. These segments overlap 
in the circumferential direction. 

[0047] In the embodiment of FIG. 1 0 each of magnets, indicated as 71 is divided into five 
axially and circumferentially spaced magnet segments 72, 73, 74, 75 and 76.This 
provides a result similar to that of FIG. 8. 

[0048] Thus, by dividing each of the magnets 61 and 71 in the axial direction and 

displacing the segments in the circumferential direction, when the motor rotates the 
pull-in force of the magnet is divided and acts with a time lag, so that the cogging 
action is dispersed, and the generation of the unusual noise due to the cogging can 
be reduced. 

[0049] In each of the embodiments described thus far, the unusual noise has been abated 
by reducing or smoothing out the cogging torque. Next will be described two 
embodiments as shown in FIGS. 1 1 and 12 wherein these noises are reduced by 
rigidifying the overall housing assembly of the starter motor, indicated generally in 
these figures by the reference numeral 81 . These embodiments are adapted to 
improve the rigidity of the starter motor 81 to reduce resonance from the cogging. 
The motor 81 , itself may also employ any of the previous embodiments for reducing 
cogging in addition to the rigidifying structures now to be described. 

[0050] Generally, the construction of the motor 81 in each embodiment is the same as 
that already described by reference to FIGS. 2 through 4. Therefore, the external 
components of the motor 81 as illustrated as well as the starter shaft are identified by 
the same reference numerals as those previously employed. That is, the starter motor 
81 includes an outer case 29 comprised of the stator shell 1 3 to which the end 
closures 27 and 28 are affixed and in which the starter motor shaft 1 7 is journalled in 
the manner as aforedescribed. 

[0051] | n t he embodiment of FIG. 1 1, a mounting bracket 82 is welded and integrated 
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with the yoke 1 3 of the motor casing 13. This bracket 82 is utilized to attach the 
starter motor 81 to be secured to the vehicle body frame or engine (not shown). Thus, 
by welding and integrating the bracket 82 to the motor body 1 3, specifically the yoke 
1 3 in this embodiment the rigidity of the casing body 1 3 increases. Thus vibration 
caused by the cogging is reduced and the generation of the unusual noise due to the 
cogging is reduced. Furthermore, since the starter motor mounting bracket 82 is not 
fixed directly to either the front cover 27 or the rear cover 28 their constructions are 
simplified. 

[0052] Figure 1 2 shows an embodiment utilizing rigidifying the motor housing 29 

employing a conventional starter motor mounting bracket 91 attached to or integral 
with one of the end closures, the rear one 28 in the illustrated embodiment. A 
pressing bracket 92 is secured to the front cover 27 and the rear cover 28by attaching 
screws 93. This pressing bracket 92 abuts against the motor body 29 and specifically 
the yoke 1 3. Thus the rigidity of the motor body 29 is increased and vibration caused 
by the cogging is reduced. Therefore the generation of the unusual noise due to the 
cogging is reduced. 

[0053] Thus it should be readily apparent that the described apparatus achieves the goals 
set out above in a low cost and highly effective manner. Of course those skilled in the 
art will understand that the embodiments described are only a preferred embodiments 
of the invention and various changes and modifications may be made without 
departing from the spirit and scope of the invention, as defined by the appended 
claims. 
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